SEMICONDUCTOR CHIP AND PRODUCTION PROCESS THEREFOR 

\ 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a semiconductor 
chip which is applicable, for example, to a chip-on-chip 
structure in which semiconductor chips are bonded to each 
other in a stacked relation and to a flip-chip-bonded 
structure in which a semiconductor chip is bonded to a 
printed wiring board with its face opposed to the printed 
wiring board. The invention further relates to a 
production process for such a semiconductor chip. 
Description of Related Art 

For size reduction and higher integration of a 
semiconductor device, a so-called chip-on-chip structure 
has been proposed in which a pair of semiconductor chips 
are disposed in an opposed relation and electrically 
connected to, each other via bumps . 

Further , a wireless bonding technique has been used , 
by which electrodes provided on a device formation surface 
of a semiconductor chip are directly connected to 
electrodes on a wiring substrate such as of a carrier 
tape, and the electrodes on the wiring substrate are 
connected to a printed board or a ceramic board. 

In either- of th£ aforesaid techniques, it is 
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necessary to provide electrode projections generally 
called "bumps" on the electrodes of the wiring substrate 
or on the device formation surface of the semiconductor 
chip • 

5 On the other hand, a multiplicity of internal 

interconnections are provided in the device formation 
surface of the semiconductor chip to fulfill functions 
of the chip and, therefore, the chip should be designed 
so as not to complicate the routing of these 

10 interconnections . 

However, there is a limit to the routing of the 
interconnections within the limited device formation 
surface, thereby hindering the size reduction and higher 
integration of the chip. 

15 SUMMARY OF THE INVENTION 

For implementation of a semiconductor device of 
chip-on-chip structure, the inventors of the present 
invention have come up with an idea that a surface 
interconnection composed of the same oxidation-resistant 

20 material as a bump is provided on a surface of each of 
opposed semiconductor chips. Where the surface 
interconnection is connected to the bump, for example, 
electrical connection between the opposed semiconductor 
chips can be achieved by bonding the surface 
; 25 interconnection' of one of the semiconductor chips to the 
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bump of the other semiconductor chip. This increases 
flexibility in layout of the bump on the other 
semiconductor chip. Further, an increased number of 
interconnections can be provided by connecting internal 
5 interconnections via the surface interconnection without 
increasing the thickness of the semiconductor chip. 

Referring to Fig. 13 , where surface 
interconnections 81 and 91 are respectively provided on 
opposed surfaces of semiconductor chips 80 and 90 , however, 
10 there is a possibility that the surface interconnections 
81 , 91 of the semiconductor chips 80, 90 are brought into 
contact with each other, resulting in unintended 
electrical connection between the semiconductor chips 
80 and 90. 

15 Besides the chip-on-chip structure, the so-called 

flip-chip-bonded structure in which a semiconductor chip 
is bonded to a printed wiring board with their surfaces 
opposed to each other may also suffer from this problem 
when a surface interconnection is provided on the surface 

20 of the semiconductor chip. 

In view of the foregoing, it is an object of the 
present invention to provide a semiconductor chip which 
is free from unintended electrical connection to the other 
semiconductor chip and features an increased flexibility 

25 in routing of interconnections with the. use of a surface 
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interconnection for size reduction and higher integration 
thereof, and to provide a production process for such 
a semiconductor chip. 

The semiconductor chip according to the present 
5 invention comprises: a bump projecting from a surface 
protective film thereof for electrical connect ion between 
the semiconductor chip and another device; and a surface 
interconnection provided on the surface protective film 
and having a smaller height than the bump. 
10 With this arrangement , the surface 

interconnection can be used in place of part of an internal 
interconnection in the chip, thereby simplifying the 
routing of internal interconnections. Further, the 
surface interconnection can have a lower resistance and 
15 a higher heat conductivity so as to carry a relatively 
large electric current. Thus, the surface 
interconnection can advantageously be used, for example, 
as a grounding line or as a power supply line. 

The semiconductor chip may be bonded, for example, 
20 onto a surface of a solid body. In this case, the surface 
protective film covers a surface of the semiconductor 
chip which is opposed to the surface of the solid body, 
and the bump may serve for electrical connection to the 
solid body. 

- : - 25 The/surface of the solid body may be a surface of 
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another semiconductor chip or a surface of a wiring board . 

With this arrangement, the surface 
interconnection provided on the surface protective film 
has a smaller height than the bump projecting from the 

5 surface protective film- Therefore, there is no 

possibility that, when the semiconductor chip and the 
solid body (i.e., another semiconductor chip or the like ) 
are bonded to each other in an opposed relation , the surface 
interconnection of the semiconductor chip is brought into 

10 contact with a surface interconnection and the like 

provided on the opposed surface of the solid body, thereby 
eliminating the possibility of unintended electrical 
connection between the semiconductor chip and the solid 
body via the surface interconnections . 

15 The surface interconnection may project from the 

surface protective film or may be flush with the surface 
protective film. 

The surface interconnection may be connected to 
the bump. For example, inter-bump interconnection can 

20 be achieved via the surface interconnection. 

The bump may include a peripheral bump which is 
provided outside a device formation region of a 
semiconductor substrate which is a base of the 
semiconductor chip. In this case, the peripheral bump 

25 is preferably configured as surrounding the device 
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formation region. More specif ically , the peripheral 
bump may be provided in a scribe line region. 

The surface interconnection may be connected to 
the peripheral bump. In this case, the peripheral bump 
5 is preferably to be connected to the ground or a power 
source . 

The production process for the semiconductor chip 
in accordance with the present invention comprises the 
steps of: providing an internal interconnection on a 

10 semiconductor substrate; forming a surface protective 
film over the internal interconnection; forming an 
opening in the surface protective film to expose a portion 
(electrode) of the internal interconnection; forming a 
bump projecting from the surface protective film on the 

15 portion of the internal interconnection exposed through 
the opening; and forming a surface interconnection having 
a smaller height than the bump in a predetermined region 
on the surface protective film except a portion thereof 
formed with the opening. 

20 By this process, the surface interconnection 

having a smaller height than the bump can be formed on 
the surface protective film. 

The bump forming step may comprise the step of 
selectively depositing a conductive material on the 

25 portion of the internal interconnection exposed through 
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the opening. The surface interconnection forming step 
may comprise the step of selectively depositing the 
conductive material in the predetermined region on the 
surface protective film except the portion thereof formed 
5 with the opening. 

The formation of the bump and the surface 
interconnectionmay be achieved by selectively depositing 
the conductive material on the portion of the internal 
interconnection exposed through the opening and in the 

10 predetermined region on the surface protective film 

except the portion thereof formed with the opening to 
form a part of the bump and the surface interconnection, 
and further selectively depositing the conductive 
material on the part of the bump to complete the bump 

15 which projects from the surface protective film. 

The process may further comprise the step of 
forming a recess in a region of the surface protective 
film on which the surface interconnection is to be formed 
before the formation of the bump and the surface 

20 interconnection, wherein the surface interconnection is 
formed in the recess . 

In this case, the formation of the bump and the 
surface interconnection may be achieved by selectively 
depositing the conductive material in the opening and 

25 the recess for the- formation of a part of the bump 1 and ■ 
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the surface interconnection, and further selectively 
depositing the conductive material on the part of the 
bump for the completion of the bump which projects from 
the surface protective film, 
5 The selective deposition of the conductive 

material in the opening and the recess may comprise the 
steps of: forming a conductive material film over the 
surface protective film formed with the opening and the 
recess; and removing the conductive material film except 

10 portions thereof formed in the opening and the recess. 

In this case, the removal of the conductive 
material film may be achieved by polishing away the 
conductive material film except the portions thereof 
formed in the opening and the recess for planarization 

15 thereof. The conductive material film except the 

portions thereof formed in the opening and the recess 
may entirely or partly be removed in the planarization 
step. 

The recess may have a bottom surface located at 
20 a lower level than a top surface of the internal 

interconnection. Thus, the surface interconnection 
formed on the surface protective film has a height which 
is smaller than the height of the bump by a level difference 
between the top surface of the internal interconnection 
25 and the bottom surface of the recess. 
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The process may further comprise the step of 
planarizing the surface of the surface protective film 
between the step of forming the surface protective film 
and the step of forming the opening and the recess. The 
5 planarization of the surface of the surface protective 
film prior to the formation of the opening and the recess 
in the surface protective film, for example, eliminates 
the possibility of de-focusing in exposure in the 
photolithography process when the opening and the recess 
10 are formed in the surface protective film. This allows 
for precise formation of the opening and the recess, so 
that the bump and the surface interconnection can be formed 
in exact positions. 

The foregoing and other objects, features and 
15 effects of the present invention will become more apparent 
from the following description of the preferred 
embodiments with reference to the attached drawings. 
BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a sectional view schematically 
20 illustrating the construction of a semiconductor device 
to which a semiconductor chip according to one embodiment 
of the present invention is applied; 

Figs. 2A to 2F are sectional views illustrating 
the construction of a subsurface portion of the 
25 semiconductor chip and a production process for the 
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semiconductor chip ; 

Figs. 3A to 3D are sectional views illustrating 
the sequence of steps of another production process for 
the semiconductor chip; 
5 Figs. 4A to 4D are sectional views illustrating 

the sequence of steps of further another production 
process for the semiconductor chip; 

Fig. 5 is a sectional view for explaining still 
another production process for the semiconductor chip; 
10 Fig. 6 is a sectional view for explaining a 

modification of the semiconductor chip production process 
shown in Fig. 5; 

Fig. 7 is a perspective view illustrating major 
portions of a semiconductor chip according to another 
15 embodiment of the invention; 

Fig. 8 is a sectional view illustrating a 
double-chip structure of so-called chip-on-chip type 
which includes a pair of semiconductor chips; 

Figs. 9A to 9E are sectional views for explaining 
20 a process for forming a bump interconnection on a 
semiconductor substrate; 

Fig. 10 is a perspective view illustrating major 
portions of a semiconductor chip according to further 
another embodiment of the invention; 
25 Fig. 11 is a sectional view illustrating a 
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double-chip structure of so-called chip-on-chip type 
which includes a pair of semiconductor chips; 

Figs . 12A to 12E are sectional views for explaining 
a process for forming a bump interconnection; and 
5 Fig. 13 is a sectional view for explaining a problem 

associated with a semiconductor chip having a surface 
interconnection . 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Fig. 1 is a sectional view schematically 

10 illustrating the construction of a semiconductor device 
to which a semiconductor chip according to one embodiment 
of the present invention is applied. The semiconductor 
device has a so-called chip-on-chip structure, and is 
constructed by bonding a secondary chip 2 on a surface 

15 11 of a primary chip 1 in a stacked relation and packaging 
these chips in a package 3. 

The primary chip 1 is comprised, for example, of 
a silicon chip. The surface 11 of the primary chip 1 
is a semiconductor substrate surface of the primary chip 

20 1 on the side of an active surface region formed with 
a functional device such as a transistor, and covered 
with a surface protective film having an insulative 
property . A plurality of pads 12 for external connection 
are provided, as exposed from the surface protective film, 

25 in a peripheral portion of the surface 11. The external 
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connection pads 12 are connected to a lead frame 42 via 
bonding wires 41. A plurality of bumps BM electrically 
connected to internal interconnections are provided on 
the surface protective film. 
5 The secondary chip 2 is comprised, for example, 

of a silicon chip. The secondary chip 2 has a surface 
21 which is a semiconductor substrate surface thereof 
on the side of an active surface region formed with a 
functional device such as a transistor, and covered with 
10 a surface protective film having an insulative property* 
A plurality of bumps BS connected to internal 
interconnections are provided on the surface protective 
film. 

The secondary chip 2 is bonded to the primary chip 
15 1 with its surface 21 opposed to the surface 11 of the 
primary chip 1 by a so-called face-down bonding. The 
bumps BS of the secondary chip 2 which are provided in 
association with the bumps BM of the primary chip 1 are 
connected to the corresponding bumps BM of the primary 
20 chip 1, whereby the secondary chip 2 is supported above 
the primary chip 1 and electrically connected to the 
primary chip 1 . 

Figs. 2A to 2F, are sectional views illustrating 
the construction of a subsurface portion of the primary 
25 chip 1 and a production process therefor. Referring to 
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Fig. 2F, an inter-level insulating film 13 such as of 
silicon oxide is provided on a semiconductor substrate 
(no shown) which serves as a base body of the primary 
chip 1. Internal interconnections 14A, 14B, 14C are 
5 provided on the inter-level insulating film 13. The 
inter-level insulating film 13 and the internal 
interconnections 14A, 14B, 14C are covered with a surface 
protective film 15 such as of silicon nitride. The 
surface protective film 15 is formed with openings 16A, 

10 16B and 16C, which face the internal interconnections 
14A, 14B and 14C for partly exposing therethrough the 
internal interconnections 14A, 14B and 14C , respectively . 

Bumps BM1 and BM2 are provided on the openings 16A 
and 16B, respectively f as projecting therefrom. The 

15 bumps BMl / BM2 are composed of an oxidation-resistant 
material such as gold, platinum, silver, palladium or 
iridium, and have substantially the same height. The 
bump BM2 is connected to one end of a surface 
interconnection 17 provided on the surface protective 

20 film 15. The other end of the surface interconnection 
17 is connected to the internal interconnection 14C via 
the opening 16C. That is, the internal interconnections 
14B, 14C are electrically connected to each other via 
the bump BM2 and the surface interconnection 17. The 

25 surface interconnection 17 is composed of the same 
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material as the bumps BMl , BM2 , and has a smaller height 
than the bumps BMl / BM2 . 

For formation of the bumps BMl, BM2 and the surface 
interconnection 17 , the openings 16A, 16B, 16C are first 
5 formed in the surface protective film 15 , as shown in 
Fig. 2A, by the photolithography technique. Then, a 
barrier metal film 18 and a seed film 19 are formed over 
the surface protective film 15 formed with the openings 
16A, 16B, 16C, as shown in Fig. 2B, by sputtering. The 

10 barrier metal film 18 serves to prevent a metal contained 
in the seed film 19 from diffusing into the surface 
protective film 15 . Where the bumps BMl , BM2 are composed 
of gold, for example, the barrier metal film 18 and the 
seed film 19 are preferably composed of titanium tungsten 

15 and gold, respectively. 

In turn, as shown in Fig. 2C, a resist pattern RP1 
is formed on the seed film 19 except regions thereof on 
which the bumps BMl, BM2 are to be formed or which face 
the openings 16A, 16B, and then the resulting surface 

20 is subjected to electroplating with the use of the material 
for the bumps BMl, BM2 . Thus, the plating material is 
deposited only on the regions of the seed film 19 exposed 
from the resist pattern RP1 , i.e., on the regions thereof 
which face the openings 16A, 16B, whereby the bumps BMl, 

25 BM2 are formed on the openings 16A, 16B. 
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Subsequently , as shown in Fig. 2D, the resist 
pattern RP1 on the seed film 19 is removed* As shown 
in Fig. 2E, another resist pattern RP2 is formed on the 
seed film 19 except a region thereof on which the surface 
interconnection 17 is to be formed, and then the resulting 
surface is subjected to electroplating with the use of 
the material for the surface interconnection 17. Thus, 
the plating material is deposited on the region of the 
seed film 19 exposed from the resist pattern RP2 . As 
a result, the surface interconnection 17 is formed on 
the seed film 19 with one end thereof being connected 
to the bump BM2 and with the other end thereof being 
connected to the internal interconnection 14C via the 
opening 16C. A plating period for the formation of the 
surface interconnection 17 is set shorter than a plating 
period for the formation of the bumps BM1 , BM2 . 

After the resist pattern RP2 on the seed film 19 
is removed, an unnecessary portion of the seed film 19 
which contact neither the bumps BM1 , BM2 nor the surface 
interconnection 17 is etched away. Further, a portion 
of the barrier metal film 18 exposed as a result of the 
removal of the seed film 19 is etched away. Thus, the 
bumps BMl , BM2 projecting on the openings 16A, 16B and 
the surface interconnection 17 having a smaller height 
than the bumps BMl, BM2 are provided (see Fig. 2F). 
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In accordance with this embodiment, the bumps BM 
(BM1, BM2) for electrical connection to the secondary 
chip 2 and the surface interconnection 17 electrically 
connecting the internal interconnections 14B and 14C to 
5 each other are provided on the surface of the primary 
chip 1, and the surface interconnection 17 has a smaller 
height than the bumps BM. Therefore, there is no 
possibility that the bumps BS provided on the surface 
of the secondary chip 2 contact the surface 
10 interconnection 17 of the primary chip 1, thereby 

eliminating the possibility of unintended electrical 
connection between the primary chip 1 and the secondary 
chip 2 . 

Although an explanation has thus been given mainly 
15 to the construction of the primary chip 1, the secondary 
chip 2 may also include a surface interconnection 22 
provided on the surface thereof as shown in Fig. 1. In 
this case, the surface interconnection 22 of the secondary 
chip 2 preferably has a smaller height than the bumps 
20 BS like the surface interconnection 17 of the primary 
chip 1. Thus, the bumps BM of the primary chip 1 are 
prevented from contacting the surface interconnection 
22 of the secondary chip 2, so that unintended electrical 
connection between the primary chip 1 and the secondary 
25 chip 2 is prevented. 
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Figs. 3A to 3D are sectional views illustrating 
the sequence of steps of another process for the formation 
of the bumps BM and the surface interconnection 17. In 
Figs. 3A to 3D, components corresponding to those 
5 illustrated in Figs. 2A to 2F are denoted by the same 
reference characters as in Figs. 2A to 2F. However, it 
is not intended that the components denoted by the same 
reference characters necessarily have completely the same 
construction. This comment is similarly applied to 

10 description of the other embodiments. 

Although the formation of the bumps BM1 , BM2 
precedes the formation of the surface interconnection 
17 in the production process shown in Figs. 2A to 2F, 
the bumps BM1 / BM2 are formed after the formation of the 

15 surface interconnection 17 in the production process 
shown in Figs. 3A to 3D. 

More specifically, the openings 16A, 16B, 16C are 
first formed in the surface protective film 15, as shown 
in Fig. 3A, by the photolithography technique. Then, 

20 the barrier metal film 18 and the seed film 19 are formed 
on the surface protective film 15 formed with the openings 
16A, 16B, 16C, as shown in Fig. 3B, by sputtering. After 
a resist pattern RP3 is formed on the seed film 19 except 
regions thereof on which the bumps BM1 , BM2 are to be 

25 formed and a region thereof on which the surface 
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interconnection 17 is to be formed, the resulting surface 
is subjected to electroplating with the use of the material 
for the bumps BMl , BM2 and the surface interconnection 
17. Thus, the plating material is deposited only on the 
5 regions of the seed film 19 exposed from the resist pattern 
RP3, whereby parts of the bumps BMl , BM2 are formed on 
the openings 16A, 16B, and the internal interconnection 
17 connecting the part of the bump BM2 and the internal 
interconnection 14C to each other is formed. 

10 Subsequently, as shown in Fig. 3C, an additional 

resist pattern RP4 is formed on the resulting surface 
except regions thereof on which the bumps BMl, BM2 are 
to be formed, i.e., regions thereof which face the openings 
16A, 16B, and then the resulting surface is subjected 

15 to electroplating with the use of the material for the 
bumps BMl, BM2 . Thus, the plating material is further 
deposited on the regions above the openings 16A, 16B, 
whereby the bumps BMl, BM2 are formed as prpjecting on 
the openings 16A, 16B to a higher level than the surface 

20 interconnection 17. 

Thus, the production process shown in Figs. 3A to 
3D can also provide the surface interconnection 17 having 
a smaller height than the bumps BMl, BM2 . 

Figs. 4A to 4D are sectional views illustrating 

25 the sequence of steps of further another process for the 
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formation of the bumps BM and the surface interconnection 
17 . In Figs . 4A to 4D, components corresponding to those 
illustrated in Figs. 2A to 2F are denoted by the same 
reference characters as in Figs. 2A to 2F. 

In this production process, as shown in Fig. 4D, 
the bumps BMl f BM2 are formed as projecting from the 
internal interconnections 14A, 14B, and the surface 
interconnection 17 electrically connecting the internal 
interconnections 14B and 14C to each other are embedded 
in the surface protective film 15. 

More specifically, the surface protective film 15 
is first formed over the internal interconnections 14A, 
14B, 14C to a thickness greater than the thickness of 
the internal interconnection 14A. After the resulting 
surface is subjected to a CMP (chemical mechanical 
polishing) process for planarization of the surface of 
the surface protective film 15 , an opening 16A and a recess 
16D are formed in the surface protective film 15 , as shown 
in Fig. 4A, by the photolithography technique. The 
opening 16A faces the internal interconnection 14A, and 
the recess 16D spans between the internal 
interconnections 14B and 14C. Thus, a portion of the 
internal interconnection 14A is exposed through the 
opening 16A, and portions of the internal 
interconnections 14B, 14C and a portion of the surface 



20 



protective film 15 between the internal interconnections 
14B and 14C are exposed through the recess 16D. 

Subsequently, a barrier metal film 18 and a seed 
film 19 are formed on the surface of the surface protective 
5 film 15 formed with the opening 16A and the recess 16D 
by sputtering. Then, the entire surface of the seed film 
19 is subjected to electroplating with the use of the 
material for the bumps BM1 , BM2 and the surface 
interconnection 17- The plating is continued until the 

10 opening 16A and the recess 16D are filled with the plating 
material. Thus, a metal film MF having a greater 
thickness than the depths of the opening 1 6 A and the recess 
16D is formed on the seed film 19. Thereafter, the 
resulting surface is subjected to a CMP process, whereby 

15 the surface of the metal film MF formed on the seed film 
19 is planarized as shown in Fig. 4B. 

In turn, as shown in Fig. 4C, a resist pattern RP5 
is formed on the metal film MF except regions thereof 
on which the bumps BM1 , BM2 are to be formed , i.e., regions 

20 thereof opposed to the internal interconnections 14A, 
14B, and then the resulting surface is subjected to 
electroplating with the use of the material for the bumps 
BM1 , BM2 . Thus, the plating material is deposited only 
on the regions of the metal film MF exposed from the resist 

25 pattern RP5. After the resist pattern RP5 is removed, 
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unnecessary portions of the metal film MF, the seed film 
19 and the barrier metal film 18 on the surface protective 
film 15 are etched away, whereby the bumps BMl , BM2 
projecting on the internal interconnections 14A, 14B and 
5 the surface interconnection 17 embedded in the surface 
protective film 15 are provided. 

Thus, the production process shown in Figs. 4A to 
4D can also provide the surface interconnection 17 having 
a smaller height than the bumps BMl, BM2 . 
10 Although the resist pattern RP5 is formed on the 

planarized metal film MF in the production process shown 
in Figs. 4Ato4D, the metal film MF except port ions thereof 
formed in the opening 16A and the recess 16D may be removed 
by the CMP process. In this case, the resist pattern 
15 RP5 is formed on an exposed portion of the seed film 19. 

Further, the seed film 19 and the barrier metal 
film 18 except portions thereof formed in the opening 
16A and the recess 16D may be removed together with the 
metal film MF by the CMP process. In this case, the 
20 formation of the bumps BMl, BM2 may be achieved by 
depositing the bump material on the metal f ilmMF remaining 
in the opening 16A and the recess 16D by selective plating . 

Although the internal interconnections 14B and 14C 
are electrically connected to each other via the surface 
25 interconnection 17, the surf ace interconnection 17 does 
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not necessarily serve for the electrical connection 
between and the internal interconnections 14B and 14C. 
For example, the surface interconnection 17 may be 
connected to diffusion regions such as a source region 
5 and a drain region defined in the surface of the 
semiconductor substrate . 

The process for the formation of the surface 
interconnection 17 having a smaller height than the bumps 
BM is not limited to those described above, but any other 

10 production processes may be employed. 

For example, a surface protective film 52 is formed 
over an internal interconnection 51, and then an opening 
53 for partly exposing the internal interconnection 51 
therethrough and a recess 54 which is continuous to the 

15 opening 53 are formed in the surface protective film 52, 
as shown in Fig. 5. After a resist pattern is formed 
on the surface protective film 52 except portions thereof 
formed with the opening 53 and the recess 54 , the material 
for the bump BM and the surface interconnection 17 is 

20 deposited in the opening 53 and the recess 54 exposed 
from the resist pattern by electroplating, whereby the 
bump BM and the surface interconnection 17 are 
simultaneously formed. In this case, the surface 
interconnection 17 thus formed in the recess 54 projects 

25 to a level lower than the bump' BM on the internal 
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interconnection 51 by a level difference between a top 
surface of the internal interconnection 51 and a bottom 
surface of the recess 54. 

Alternatively , the opening 53 and the recess 54 
5 may be formed after the planarization of the surface 
protective film 52 on the internal interconnection 51, 
as shown in Fig. 6. This eliminates the possibility of 
de-focusing in exposure in the photolithography process 
when the opening 53 and the recess 54 are formed in the 

10 surface protective film 52 , and allows for precise 
formation of the opening 53 and the recess 54. The 
planarization of the surface protective film 52 may be 
achieved by forming the surface protective film 52 by 
a HDP ( high density plasma ) method or a SOG (spin on glass) 

15 method, or by forming the surface protective film 52 by 
a plasma CVD (chemical vapor deposition) method and then 
performing a CMP process. 

Referring to Fig. 7 , an explanation will next be 
given to a semiconductor chip according to another 

20 embodiment of the present invention. The semiconductor 
chip 71 of this embodiment includes bumps 68, 69 and a 
surface interconnection 66 provided on an upper surface 
thereof . The bumps 68, 69 and the surface interconnection 
66 project from a surface protective film (passivation 

25 film) which covers the outermost surface of the 
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semiconductor chip 7 1 . The bumps 68 , 69 serve as external 
connection terminals of the chip for connection to another 
chip, a wiring board or an inner lead on a film carrier 
for TAB (tape automated bonding) . On the other hand, 
5 the surface interconnection 66 are used for chip internal 
interconnection . 

The surface interconnection 66 has a smaller height 
than the bumps 68, 69. Where the semiconductor chip 71 
is bonded to another semiconductor chip 72 of a similar 

10 construction in a face-to-face relation for formation 
of a double-chip structure as shown in Fig. 8, a 
predetermined clearance C can be provided between the 
surface interconnections 6 6 of the chips 7 1 and 7 2 . Thus , 
the surface interconnections of the chips 71, 72 are 

15 assuredly prevented from contacting each other in an 
unintended manner . 

Figs. 9A to 9E are sectional views for explaining 
a process for forming bumps and a surface interconnection 
on a semiconductor substrate 61. 

20 As shown in Fig. 9A, Al electrodes 63a, 63b, 63c, 

63d connected to predetermined portions of internal 
interconnections are formed on the semiconductor 
substrate 61 with the intervention of an Si0 2 film 62. 
It is herein assumed that bumps are to be formed on the 

25 electrodes 63a, 63c, and the electrodes 63b and 63c are 
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to be connected to each other via the surface 
interconnection. The electrode 63d is to be isolated 
from the surface interconnection. A surface portion not 
formed with the electrodes 63a, 63b f 63c is covered with 
5 a passivation film 64 such as of SiN, SiON, Si0 2 or PSG. 
The electrode 63d is covered with the passivation film 
64. The electrode 63d is isolated from the surface 
interconnection by the passivation film 64. 

A TiW alloy layer (barrier metal layer) for 
10 improving adhesion between the Al electrodes and the bumps 
and a seed film (not shown) such as of Au or Pt for power 
supply are successively formed on the entire surface of 
the substrate shown in Fig. 9A by vapor deposition such 
as sputtering. 

15 In turn f a photoresist 65 is applied on the 

resulting surface as uncovering a portion thereof on which 
the surface interconnection is to be formed (Fig. 9B) . 

Then, the resulting surface is subjected to 
electroplating with the use of a metal material for the 

20 surf ace interconnection ( Fig . 9C). Examples of the metal 
material for the surface interconnection include 
oxidation-resistant metals such as Au, Pd, Pt, Ag and 
Ir (iridium). The surface interconnection thus formed 
is denoted by a numeral 66 . Instead of the electroplating 

25 method, an electrbless plating method may be employed 
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which is a metal film format ion method utilizing a reducing 
action by a chemical reaction. The surface 
interconnection 66 has a height of 11m, for example, as 
measured from the surface of the passivation film 64. 

Subsequently, the photoresist 65 is removed, and 
another photoresist 67 is applied on the resulting surface 
so as to uncover portions thereof formed with the 
electrodes 63a, 63c (Fig. 9D). 

Then, the resulting surface is subjected to 
electroplating which utilizes the seed layer, whereby 
a metal material for the bumps is deposited on the uncovered 
portions . After the photoresist 6 7 is removed, an exposed 
portion of a laminate of the barrier metal layer and the 
seed layer is removed and then the resulting surface is 
subjected to an annealing process. Thus, the 
semiconductor chip having the bumps 68, 69 formed on the 
electrodes 63a, 63c is provided (Fig. 9E ) . The bumps 
68, 69 each have a height of 20im, for example. 

Fig. 10 is a perspective view illustrating further 
another embodiment of the invention. In Fig. 10, 
components corresponding to those illustrated in Fig. 
7 are denoted by the same reference characters as in Fig. 
7 . 

In this embodiment, bumps 68, 69 are provided on 
an upper surface of a semiconductor chip 71, and a bump 
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70a for grounding and a bump 70b for power supply (which 
is generally referred to as ^perjj^jera^^bu^ 70" )j are 
provided on a peripheral portion of the semiconductor 
chip 71. Further, surface interconnections 66 are 
5 provided to respectively connect the bumps 69 to the 
peripheral bumps 70a, 70b. 

Where one of the peripheral bumps 7 0a, 7 0b is 
utilized as a low-resistance grounding line of the 
semiconductor chip 71, the bump 69 connected to the 

10 peripheral bump can easily be grounded. Where the other 
of the peripheral bumps 70a, 70b is utilized as a 
low-resistance power supply line, the bump 69 connected 
to the peripheral bump can easily be connected to a power 
source. Since the peripheral bumps 7 0a and 7 0b are spaced 

15 by gaps D as shown in Fig. 10, the peripheral bumps 70a 
and 70b can be connected to the ground and a power source, 
respectively. The peripheral bumps 70a and 70b may be 
connected to each other to form an endless peripheral 
bump 70 as shown by two-dot-and-dashed line in Fig. 10. 

20 In this case , the endless peripheral bump 7 0 may be grounded 
or connected to a power source 

Fig. 11 is a sectional view illustrating a 
double-chip structure of so-called chip-on-chip type 
which employs the semiconductor chip 71 having the 

25 peripheral bump 70. With the peripheral bump 7 0 being 
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bonded to an opposed peripheral bump of another 
semiconductor chip 7 2 , a semiconductor device constituted 
by the semiconductor chips 71 , 72 has a perfect shielding 
structure ( particularly when the bump 7 0 is endless ) and, 
5 hence, is highly resistant to electrostatic induction. 
Further, the peripheral bumps 70 alleviates a stress 
exerted on the semiconductor chips at or after the mounting 
thereof . 

In the case of the semiconductor device shown in 

10 Fig. 11, the surface interconnection 66 has a smaller 
height than the bump 69 and the peripheral bump 70. 
Therefore, when the two semiconductor chips 71 and 72 
are bonded to each other in a chip-on-chip relation, a 
predetermined clearance C can be provided between the 

15 surface interconnection 66 and an opposed surface 
interconnection of the semiconductor chip 72 to prevent 
the surface interconnection 66 from contacting the 
opposed surface interconnection in an unintended manner. 

Figs . 12A to 12E are sectional views for explaining 

20 a process for forming a bump and a surface interconnection . 
This embodiment is directed to a case where a bump on 
a device formation region A of a semiconductor substrate 
61 is connected to a peripheral bump provided outside 
the device formation region (e.g. , in a scribe line region 

25 B) via a surface interconnection. 
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As shown in Fig. 12A, an Al electrode 63 is provided 
on the device formation region A of the semiconductor 
substrate 61 with the intervention of an Si0 2 film 62. 
A passivation film 64 covers the Si0 2 film except a portion 
thereof covered with the Al electrode 63. The scribe 
line region B of the substrate is doped with an impurity 
73 of a predetermined polarity at a high concentration 
for ohmic contact with the peripheral bump 7 0 or for 
isolation of the peripheral bump 70. For the ohmic 
contact, the impurity has the same polarity as the 
substrate. For the isolation, the impurity has a 
different polarity from the substrate. 

A TiW alloy layer (barrier metal layer) for 
improving adhesion between the Al electrode and the bump 
and a seed layer (not shown) such as of Au or Pt for power 
supply are formed on the device formation region A and 
the scribe line region B by vapor deposition such as 
sputtering . 

In turn, a photoresist 65 is applied onto the 
resulting surface as uncovering a portion thereof on which 
the surface interconnection is to be formed in the device 
formation region A and the scribe line region B by plating 
(Fig. 12B). 

Then, a metal material 66 for the surface 
interconnection is thinly deposited on the uncovered 
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portion by electroplating or electroless plating (Fig. 
12C). Examples of the metal material for the surface 
interconnection include oxidation-resistant metals such 
as Au, Pd, Pt, Ag and Ir (iridium). 
5 Subsequently, the photoresist 65 is removed, and 

another photoresist 67 is applied onto the resulting 
surface so as to uncover portions thereof on which the 
bumps 69 , 70 are to be formed around the electrode 63 
and in the scribe line region (Fig. 12D). 

10 Then, a metal material for the bumps is thickly 

deposited on the resulting surface by electroplating 
which utilizes the seed layer. After the photoresist 
67 is removed, an exposed portion of a laminate of the 
seed layer and the barrier metal layer is removed, and 

15 then the resulting surface is subjected to an annealing 
process. Thus, the semiconductor chip having the bump 

69 provided on the electrode 63 and the peripheral bump 

70 provided in the scribe line region is provided (Fig. 
12E) . Finally, the semiconductor substrate is cut along 

20 a scribe line in the scribe line region B by means of 
a cutter 75. 

In the semiconductor chip production processes 
according to the embodiments explained with reference 
to Figs. 7 and 10, the formation of the bumps and the 

25 surface interconnection having different heights may be 



achieved in substantially the same manner as the methods 
(Figs. 2A to 2F, Figs. 3A to 3D, Figs. 4A to 4D, Fig. 
5 and Fig. 6) described for the embodiment of Fig. 1. 

Although the primary chip and the secondary chip 
are each comprised of a silicon chip in the embodiments 
described above, any other semiconductor chips such as 
of compound semiconductors (e.g., gallium arsenide 
semiconductor) and a germanium semiconductor may be 
employed. In this case, the primary chip and the 
secondary chip may be composed of the same semiconductor 
material or different semiconductor materials. 

The aforesaid embodiments are directed to the 
chip-on-chip structure, but the semiconductor chip 
according to the present invention is applicable to a 
flip-chip-bonded structure ih which the semiconductor 
chip is bonded on a printed wiring board with its face 
opposed to the printed wiring board. 

While the present invention has been described in 
detail by way of the embodiments thereof, it should be 
understood that the foregoing disclosure is merely 
illustrative of the technical principles of the present 
invention but not limitative of the same. The spirit 
and scope of the present invention are to be limited only 
by the appended claims . 

This application claims priority benefits under 
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35 USC Section 119 on the basis of Japanese Patent 
Application No. 11-40399 filed to the Japanese Patent 
Office on February 18, 1999 and Japanese Patent 
Application No. 11-45211 filed to the Japanese Patent 
Office on February 23 , 1999 , the disclosure thereof being 
incorporated herein by reference. 



